ABSTRACT Gallibacterium anatis biovar haemolytica constitutes a part of the normal microflora in the upper respiratory and genital tracts of healthy chickens, but it is also associated with different pathological conditions. In the current study, 102 commercial chicken flocks suffering from respiratory disease and/or drop in egg production were investigated for the presence of G. anatis during 2013 and 2015. These flocks comprised 8 breeder, 32 layer, and 62 broiler flocks. By culture method, 20 flocks were found positive: one isolate derived from broiler breeders, 6 isolates from layers, and 13 isolates from broilers. G. anatis biovar haemolytica was identified by phenotyping and PCR. Additionally, partial genome sequencing of 11 isolates (5 layer isolates of 2013 and 6 broiler isolates of 2015) based on 16S rRNA and 23S rRNA gene sequences was performed and revealed 96.5% to 100% genetic relatedness. Antibiotic sensitivity of these isolates revealed that the 2013 isolates were highly susceptible to florfenicol while the isolates of 2015 were highly susceptible to cefotaxime. Gallibacterium anatis biovar haemolytica is a newly introduced bacteria in Egypt causing salpingitis, peritonitis, drop in egg production, and/or respiratory signs.
INTRODUCTION
The genus Gallibacterium is a bacterial species belonging to the family Pasteurellaceae characterized as a Gram-negative, rod-shaped or pleomorphic bacteria occurring singly and in pairs and which his non-spore forming and non-motile. In vitro, these species are routinely grown under microaerophilic conditions supplemented with 5 to 10% carbon dioxide (CO 2 ) on blood agar medium (Christensen et al., 2003a) .
Gallibacterium was previously classified as Actinobacillus salpingitidis, avian Pasteurella haemolytica, Pasteurella anatis, and Actinobacillus salpingitidis and presently belongs to the genus Gallibacterium, based on 16S rRNA gene sequences. It contains five species including Gallibacterium anatis biovar haemolytica and G. anatis biovar anatis, G. melopsittaci, G. trehalosi-C 2018 Poultry Science Association Inc. Received August 6, 2017. Accepted January 7, 2018. 1 Corresponding author: ahmed.elbestawy@vetmed.dmu.edu.eg fermentans, G. salpingitidis, and G. genomospecies Janda, 2011) .
However, it had been isolated in pure culture from diseased birds affected by salpingitis, oophoritis, peritonitis, septicemia, pericarditis, hepatitis, and upper respiratory tract lesions (Christensen et al., 2003a) .
Abnormalities in egg shell, decreased laying performance byabout 5 to 10%, and increased mortality in pullets were associated with Gallibacterium infection specially if predisposed by impaired host immunity, co-infections, and environmental factors such as bad ventilation, overcrowdings, and climatic changes which facilitate the Gallibacterium penetration into the respiratory or genital tract mucosa then into the systemic circulation (Paudel et al., 2015) . Neubauer et al. (2009) reported that G. anatis infection accompanied with cannibalism occurred in 13 out of 31 flocks and numerous birds showed extensive pecking wounds around the cloaca and from such injuries. Intranasal infection showed prominent and consistent bacterial tissue distribution in different organs of the respiratory and reproductive tract persisting until 28 days post-infection (dpi), in contrast to the intravenous one dpi as mentioned by Jones et al. (2013) , Paudel et al. (2013) . Isolated G. anatis from many broiler and broiler breeder's flocks with an overall rate of isolation gradually increased over the 5-years period of 2006 to 2011. Antibiotic sensitivity testing of the isolated G. anatis strains revealed almost complete resistance to novobiocin, tylosin, lincosamide, tetracycline, β-lactam, and aminoglycoside and moderate to high sensitivity to sulfonamides, fluoroquinolones, florfenicol, erythromycin, and spectinomycin.
The antimicrobial susceptibility of a collection of 58 Gallibacterium isolates (23 clinical isolates from 10 Mexican layer flocks, 23 isolates originated from 13 clinically healthy poultry flocks, and 12 old Gallibacterium reference strains) was assessed using the broth dilution method. Multidrug resistance (resistance towards three drugs) was observed for 65% of the field strains and only two strains were susceptible to all compounds. Most prominently, resistance to tetracycline and sulfamethoxazole was observed in 92% and 97% of the field strains, respectively (Bojesen et al., 2011) .
This study was designed to detect the role of G. anatis biovar haemolytica in the drop of egg production syndrome and respiratory disease in Egyptian commercial chicken flocks during 2013 and 2015. Also, the current study was extended to study the antimicrobial sensitivity of different antibiotics toward the isolated Gallibacterium strains.
MATERIAL AND METHODS

Flocks
A total of 102 chicken flocks (62 layer, 32 broiler, and 8 breeder flocks) from 4 different Egyptian governorates were examined for G. anatis infection during 2013 and 2015. All examined birds were floor reared, showing depression and respiratory signs in the form of rales, coughing, and occasionally head swelling in commercial broilers and/or a drop of egg production ranging from 3 to 18% in layers and breeders associated with a cumulative mortality rate during the week of sampling ranging from 0.06 to 4.9%.
Post-Mortem Examination and Sampling
Post-mortem examination of the chickens revealed mild tracheitis, peritonitis, oophoritis, and salpingitis. Therefore, tracheal, ovarian, and oviductal swabs from some sick or freshly dead birds were collected as 2 to 5 tracheal swabs from each broiler flock and 2 to 5 tracheal, 4 ovarian, and 4 oviductal swabs per each layer and breeder flock. The examination assessed only point in time.
Isolation and Identification of Gallibacterium Swabs were cultured immediately onto blood agar base plates (Oxoid, Hampshire, UK), supplemented with 5 to 10% citrated bovine blood. Culture characteristics and biochemical testing were done according to Christensen et al. (2003a) .
Freeze cultures were subsequently made by mixing 700 μL of cultured brain heart infusion broth (Oxoid) with 300 μL sterile glycerol 50% and stored at −80
• C until further use (Bisgaard, 1982; Bojesen et al., 2003) .
Conventional PCR (cPCR) and Sequencing of G. anatis Isolates
DNA Extraction and cPCR Conditions
The isolated bacteria stored at −80
• C was cultivated overnight on blood agar base with 5% citrated bovine blood. A single colony was cultured in brain heart infusion broth with shaking at 37
• C. Both DNA extraction and Emerald Amp GT PCR master mix preparations were conducted using commercial kits (Takara Bio Inc., Shiga, Japan) according to the manufacturer's instructions.
Genus-Specific Primers and Agarose Electrophoresis G. anatis-specific oligonucleotide primers were chosen according to Bojesen et al. (2007a) and the PCR products were analyzed on a 1.5% agarose gel. Amplicons of 1,032 bp were considered positive.
Sequencing of G. anatis Isolates Eleven G. anatis isolates [5 layer isolates of 2013, from Alexandria governorate and 6 broiler isolates from the year 2015 year (3 from Elbehira and 3 from Alexandria governorates)] were subjected to partial genome sequencing. Purification of PCR products by cycle sequencing reaction were conducted using QIA quick PCR purification kit (Qiagen Inc., Germantown, MD and Perkin-Elmer/Applied Biosystems, cycle sequencing kit) according to each manufacturer's instructions in a gene sequencer (Applied Biosystems 3130 genetic analyzer, Thermo Fisher Scientific, Waltham, MA USA) and A BLAST analysis (Basic Local Alignment Search Tool) was initially performed to establish sequence identity to GenBank accessions (Thompson et al., 1994; Christensen et al., 2003b; Johnson et al., 2013) .
Antimicrobial Susceptibility of G. anatis Isolates The susceptibility of G. anatis to 14 different antimicrobials (Oxoid discs) was carried out according to the technique described by Bauer et al. (1966) using bacterial dose of 100 uL of 1.5 × 10 7 CFU/mL (0.5 McFarland scale) distributed uniformly onto the brain heart infusion agar. Finally, the inhibition zones were interpreted visually.
RESULTS
Isolation and Identification
Twenty confirmed isolates of G. anatis biovar haemolytica were obtained as follows: 13 isolates from broiler flocks, six isolates from layers, and one isolate from broiler breeders (Table 1) .
PCR and Sequencing The primer set 1133fgal-114r is specific for the strains of G. anatis under the Internally Transcripted Spacer (ITS)-PCR conditions and does not generate PCR products in any of non-Gallibacterium strains, all of the 20 G. anatis samples revealed PCR amplicon was approx. 1,030 bp (Figure 1) .
Upon partial genome sequencing, 11 G. anatis out of 20 isolates revealed a closely related sequence analysis which indicated no genetic diversion between the Egyptian G. anatis isolates until now (Figures 2 and  3) . The identity ranged from 96.5 to 100% (Table 2) and there was a close relationship also between Egyptian isolates and some American, European, and Asian G. anatis isolates. Also, we registered our 11 isolates on GenBank (BankIt1972706) and had the following accession numbers KY274822, KY274823, KY274824, KY274825, KY274826 and KY274827 for the 2015, 6 isolates (Flocks No 6, 7, 8, 9, 10, and 11, respectively) and KY274828, KY274829, KY274830, KY274831, and KY274832 for the 2013, 5 isolates (flocks No 1, 2, 3, 4, and 5, respectively).
Antimicrobial Susceptibility of G. anatis The antimicrobial susceptibility of the 20 identified G. anatis isolates in 2013 and 2015 using 14 antimicrobials in the disc diffusion technique indicated different sensitivities of 45% (9/20), 30% (6/20), 20% (4/20), and 5% (1/20) of the isolates were sensitive to cefotaxime, florfenicol, norfloxacin, or ciprofloxacin and gentamicin respectively. Intermediate sensitivities were mostly recorded for norfloxacin 55% (11/20) and doxycycline 50% (10/20), while 35% (7/20) was present for florfenicol, ciprofloxacin, and gentamicin respectively. All G. anatis isolates were completely resistant to oxytetracycline, sulfadimethoxine +trimethoprim, streptomycin, and lincospectin (Table 3) .
DISCUSSION
The investigated layer and broiler breeder flocks suffered from increased mortalities and drop of egg production while the examined broiler flocks showed moderate respiratory manifestations.
Post-mortem examination of freshly dead and sick layers or breeder chickens revealed the presence of tracheitis, oophoritis (with raptured follicles), salpingitis, and peritonitis. The examined broilers showed mild tracheitis and pneumonia. Twenty G. anatis biovar haemolytica isolates were obtained from all the examined flocks (19.6%), 13 from broiler flocks, six isolates from layers, and one isolate from broiler breeders. Eight isolates were obtained from chickens reared in Alexandria governorate and 12 isolates were obtained from chickens reared in Elbehira governorate.
The isolation rate from the total examined tracheal swabs from broilers was 31%. Meanwhile the isolation rates from the total examined tracheal, ovarian, and oviductal swabs of layer and breeder flocks were 8.1, 9.3, and 7.1%, respectively. Regarding the detection rate of G anatis biovar haemolytica from the collected tracheal, ovarian, and oviduct swabs, the 20 positive flocks revealed rates of 73.7% (69.4% in broiler and 77.7% in layer and breeder flocks), 92.3%, and 71.4%, respectively. This detection rates in these 3 organs was closely related to the results obtained by Huangfu et al. (2012) who detected G. anatis in trachea (71%), ovaries (71%), and oviducts (63%) from chickens of different age and the isolation rates in these organs were higher than other organs as duodenum, spleen, liver, heart, and lung and this indicated the higher affinity of G anatis to respiratory and reproductive systems of chickens which agreed with Paudel et al. (2014) . Identification using ITS-PCR testing revealed that all of the 20 isolates were positive for G. anatis and with PCR amplicon of approx. 1,030 bp. This finding was supported by previous results such as Bojesen et al. (2007a) who reported that the forward and reverse primers set (1133fgal-114r) amplified specifically the DNA of G. anatis at an amplicon of 1,032 bp. Six of the G. anatis isolates were isolated from 22 and 52 week old layer flocks suffering from a drop in egg production and having peritonitis, salpingitis, and oophoritis in post-mortem examination indicating the significant role of G. anatis in layers in Egypt which is always misdiagnosed as Coliform salpingitis and peritonitis.
With regard to pathogenesis, the upper respiratory tract seems to be the primary site of colonization and it persists up to 28 dpi and then spreads to reproductive organs such as testes, ovaries, and oviducts inducing abnormalities in egg production, salpingitis, and mortality thus supporting the claim for systemic spread of the natural infection (Shaw et al., 1990; Neubauer et al., 2009; Bager et al., 2013; Paudel et al., 2013; AbdElhamid et al., 2016) The BLAST analysis of the nucleotide sequence data from the 11 G. anatis isolates revealed 96.5 to 100% genetic relatedness with each other and they were closely related to reference American, European, and Asian G. anatis strains with special reference to strain UMN179 isolated in Iowa, United States, which causes peritonitis and salpingitis in layers. This disagreed with the previously reported data by Paudel et al. (2013) as they mentioned that G. anatis is a divergent species with wide genetic differences among isolates through genomic sequence analysis and multilocus sequence typing.
The sensitivity testing of all isolated G. anatis strains against 14 different antibiotics revealed that all isolates were completely resistant to oxytetracycline, sulphamethoxazole + trimethoprim, streptomycin, and lincospectin during the period of the study with no change in resistance. Similarly Bojesen et al. (2011) , noted that G. anatis was resistant to tetracycline and sulfamethoxazole in 92% and 97% respectively for the field strains, while 67% and 42% of the reference strains were resistant to tetracycline and sulfamethoxazole, respectively. Our results showed that the highest sensitivity for the 2013 isolates was to florfenicol, ciprofloxacin, and norfloxacin respectively, but the 2015 isolates were highly sensitive to cefotaxime, followed by florfenicol, norfloxacin, and ciprofloxacin.
It was noticed that the sensitivity for cefotaxime and doxycycline increased from 2013 to 2015 while the sensitivity for florfenicol, norfloxacin, and ciprofloxacin decreased and these data disagree with Bojesen et al. (2007b) who reported that all G. anatis isolates were susceptible to amoxicillin + clavulanic acid, apramycin, cefotaxime, ceftiofur, cephalothin, chloramphenicol, colistin, florfenicol, gentamycin, spectinomycin, streptomycin, erythromycin, tiamulin, and tilmicosin but their isolates were resistant to tetracycline, sulfamethoxazole, ciprofloxacin, and nalidixic acid. Also, Lawal et al. (2017) studied the antimicrobial susceptibility pattern for non-haemolytic and haemolytic biovars of G. anatis isolated from the local breed of female Muscovy ducks in Nigeria, which were highly susceptible to cefotaxime, and moderately susceptible to ciprofloxacin, doxycycline, and florfenicol.
Because G. anatis is mainly isolated from the genital tract of layers and mature birds, Elbestawy (2014) isolated G. anatis for the first time in Egypt and mentioned that the isolated strains were surely exposed to the extensive courses of oxytetracyclines and lincomycin in the feed of layers which are used in Egypt as a rational prophylactic program. This might be the reason for the absolute resistance of all the 20 isolates of G. anatis to oxytetracycline and lincospectin.
CONCLUSION
This study confirmed the isolation and molecular characterization of G. anatis biovar haemolytica from respiratory infections and/or salpingitis and peritonitis with a rate of 31% in the examined broiler tracheal swabs and 8.1, 9.2, and 7.1% in the examined tracheal, ovarian, and oviductal swabs from layer and breeder flocks in Egypt. As the antibiotic sensitivity of this bacteria is changing always, in vitro sensitivity testing should be done periodically.
Partial genome sequencing of G. anatis isolates revealed high identity within the Egyptian isolates and close relation with some G. anatis isolates distributed worldwide.
Epidemiological surveillance and experimental studies are badly needed to further clarify the role of G. anatis in the problems of respiratory infection and/or egg production loss in commercial broilers, layers, and broiler breeder flocks to fulfill Koch's postulates.
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